ABSTRACT: Airway inflammation is a characteristic of asthma. Exhaled nitric oxide (eNO) has been demonstrated to be related to actual levels of airway inflammation in asthmatic patients. The purpose of this study was to investigate whether the temperature of exhaled air is related to eNO levels.
Asthma is an inflammatory disease of the airways characterised by cellular infiltration and oedema of the mucosa, epithelial damage, mucus production and plasma exudation [1] [2] [3] .
Bronchoscopy with biopsies is regarded as the most reliable method of evaluating the level of airway inflammation in asthmatic patients [4] , but it is hardly applicable as a routine test, particularly in children. Therefore, a variety of noninvasive markers have been proposed [5] . Exhaled nitric oxide (eNO) has been demonstrated to be related to the actual level of airway inflammation [6, 7] and to reflect the effect of treatment with anti-inflammatory agents [8, 9] .
By directly viewing the airway of an asthmatic patient through a bronchoscope, at least two of the characteristics of inflammation stated by Celsus (30 b.c.-38 a.c.), i.e. rubor and (oedema of the mucosa) tumor, can be observed. On this basis, and due to the current knowledge of asthma pathology, it was hypothesised that the third of Celsus9 cardinal signs of inflammation, i.e. calor, could be a reflection of the actual degree of airway inflammation in asthmatic patients.
To test this hypothesis, the relationship of the temperature of the exhaled air and eNO in asthmatic children was investigated.
Material and methods

Patients
Fifty-two allergic asthmatic children (age 6-15 yrs) were evaluated at the Istituto Pio XII (Misurina, Italian Dolomites) with a cross-sectional study design.
None of the children had infectious diseases in the 4 weeks before the study day and none of them had received oral steroids for o2 months previously. Thirty-five of the patients were treated with b 2 -agonists alone, as required, and they had not been receiving any regular treatment with inhaled steroids for 2 months before the study. Seventeen of the patients were receiving regular treatment with inhaled steroids, either fluticasone 200 mg?day -1 or beclomethasone 400 mg?day -1 . The study was approved by the ethical committee of the Istituto Pio XII. The patients and their parents were informed about the purposes and methods of the study and they gave their consent before the enrolment.
Nitric oxide measurement
eNO was measured by chemiluminescence analyser (Logan LR 2149; Logan, Rochester, Kent, UK) before spirometry was performed [10, 11] .
Briefly, the subjects were asked to perform a single slow exhalation starting from total lung capacity through a mouthpiece, against a resistance (mouth pressure w5 cmH 2 O), and with a biofeedback used to maintain a 5-6 L?min -1 steady flow. This method allowed for the separation of the nasopharynx from the oropharynx by the soft palate, hence preventing the contamination of eNO with nasal NO. This method has been applied successfully both in adults and children. NO values were measured at the plateau of the end-exhaled reading and expressed in parts per billion [12] [13] [14] .
Exhaled air temperature evaluation
The temperature of the exhaled air was evaluated by a high performance temperature indicator (DP41-TC; Omega Engineering Ltd, CA, US) connected to a thermocouple (COCO-0.001, Omega Engineering Ltd; response time in still air 0.05 s) during a slow expiratory act. The thermocouple was fitted in a T plastic tube with replaceable mouthpieces in order to keep the distance from the mouth of the patients constant. The maximum reading value, defined as peak expiratory temperature (PET) and the plateau value at the end of the expiration (PLET) were recorded.
The patient was asked to perform a slow expiratory manoeuvre, similar to the manoeuvre the patients were used to performing when assessing vital capacity by spirometry. Three evaluations with samples taken at 5-min intervals were performed and the mean of the two closest values was used for analysis. All the measurements were performed early in the morning, between 07:30-09:00 h, before the children had drunk anything or performed exercise, in order to minimise the possible effects of extraneous factors. Body temperature was measured at the ear by an instant thermometer (ThermoScan pro LT, Type 6007, professional model; Braun, ThermoScan Inc., San Diego, CA, USA).
Environmental temperature and humidity were controlled throughout the study period.
Statistical analysis
The repeatability of the temperature measurement was evaluated by calculating intra-individual coefficient of variation.
Since the analysis of frequency distribution for PET and PLET failed to show a normal distribution, all the analyses were performed by nonparametric tests.
Relationships between eNO values and PET or PLET were performed using the Spearman Rank correlation coefficient. The correlations between eNO and PET or PLET used both raw data and normalised data, which were obtained by subtracting the environmental temperature from the actual PET or PLET value. The normalised values are expressed as nPET and nPLET.
Comparison between steroid-treated and steroiduntreated patients was performed by Mann-Whitney U-test. The level of probability was considered significant if pv0.05.
Results
Environment temperature ranged between 22 and 23uC and relative humidity was between 60 and 65% throughout the study period. Body temperature ranged between 36.5 and 37.3uC, which is considered normal for the method of measurement. No correlation was observed between either PET or PLET and the body temperature of the children. The coefficient of variation within subjects for PET was 2.8% (¡0.25) and for PLET 2.23% (¡0.23).
The mean values for eNO and temperature in the study group are reported in table 1. No significant difference was observed for eNO and exhaled air temperature between either steroid-treated and steroiduntreated children.
Considering the whole group of 52 patients, there was a significant relationship between PLET and eNO (r=0.46, p=0.012), and PET was moderately but still significantly related to eNO (r=0.27, p=0.039). In the steroid-untreated children (n=35) the relationship between PLET and eNO still showed a moderately significant correlation (r=0.43, p=0.126), whereas PET versus eNO was not significant (r=0.23, NS), probably due to the reduction in the number of cases. In the group of children treated with inhaled steroids (n=17), PET versus eNO showed r=0.37 (NS) and PLET versus NO showed r=0.45 (NS). Since, in the last group, the r-values are still comparable to those observed in the larger group, it is not possible to exclude the fact that he lack in significance could be due to the reduction in the number of cases.
When considering the values corrected for environmental temperature, the relationships with eNO were more evident. In the whole group, nPET versus eNO was r=0.42 (p=0.0027) and nPLET versus eNO was r=0.54 (p=0.0001) ( fig. 1 ). In the steroid-untreated group nPET versus eNO was r=0.337 (p=0.0503) and nPLET versus eNO was r=0.513 (p=0.028). Similarly in the steroid-treated group nPET versus eNO was r=0.547 (p=0.294) and nPLET versus eNO was r=0.552 (p=0.276). PET: peak expiratory temperature; PLET: plateau value at the end of expiratory; nPET: normalised PET; nPLET: normalised PLET; Q1: upper quartile; Q3: lower quartile.
Discussion
In this study, significant positive correlations were found between the temperature of exhaled air and eNO in allergic asthmatic children. This was a preliminary study aimed at exploring the hypothesis that airway inflammation could be accompanied by an increase in temperature of exhaled air from asthmatic patients. The rationale of this hypothesis can be found both in increased vascularity and cell metabolism, which typically occurs in the inflamed airway wall in asthmatic subjects [1] [2] [3] . A possible relationship between the temperature of exhaled air and airway inflammation has recently been suggested by other groups [15, 16] .
eNO was elected as a surrogate marker of airway inflammation. Other more invasive assessments of airway inflammation might not be approved by the ethics committee, in the absence of any preliminary indicative results. However, since the relationship between eNO and airway inflammation is still under study and somewhat tenuous [8, 17] , further studies against "gold standards", such as biopsies or sputum eosinophilia [18] , need to be performed to validate the hypothesis that exaled air temperature can represent a marker of airway inflammation.
The present data suggest a better concordance between eNO levels and the end-expiratory air temperature. It is tempting to speculate that this could be based on the fact that the eNO values were measured at the end of the expiratory manoeuvre, which is representative of NO sampling in the most distal airways [13] .
The children performed the manoeuvres for exhaled air temperature measurements easily and a very low coefficient of variability was found in the same subject. With this experimental design it was not possible to evaluate the relationship between airflow and exhaled air temperature, which will need to be addressed in further studies. The control of exhalation flow should further reduce the variability of the measurements.
Further studies are also required in order to evaluate whether the level of concordance between the investigated parameters could be increased by controlling environmental temperature, exhaled air flow and pressure.
In conclusion, the results of this preliminary study show that exhaled air temperature is related to exhaled nitric oxide levels in asthmatic children. These results, therefore, suggest that the level of exhaled air temperature could represent a potential method for the assessment of airway inflammation in asthmatic patients and encourage a new field of investigation in asthma research to be opened. 
